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a  b  s  t  r  a  c  t
Three  isonitrogenous  diets  with  different  levels  of  metabolizable  energy  (ME;  10.3,  10.9,
and  11.5  MJ/kg)  were  fed  to lactating  ewes  to study  the  relationships  among  milk  yield  and
feed  intake,  growth  rate,  and  carcass  traits  of  early-weaned  lambs.  Eighteen  multiparous
Texel ×  Ile de  France  ewes  (55.7  ±  1.3  kg of  initial  body  weight;  BW)  supporting  single male
lambs  were  penned  individually  at 24 h after  lambing  and  evaluated  for 42  days. Lambs  had
free  access  to a creep  feeding  system  before  weaning  (42  days  of age),  and after  that  they
were  individually  penned  and  fed  a common  diet  until  reaching  the  slaughter  weight  (32  kg
of BW).  Carcasses  were  then  evaluated  after  24 h  of  refrigeration.  Dry  matter  and  ME  intake
of ewes  presented  a  quadratic  relationship  with  energy  level  of the  diet  (P <  0.05),  and  it
directly  affected  milk  yield  (P < 0.01).  Milk yield  was  correlated  with  DM  intake  (r = −0.75;
P <  0.01)  and  growth  rate  (r = 0.74; P <  0.01)  of  lambs  from  birth  to weaning.  On the  other
hand,  in  this  period  there  was  no  relationship  between  solid  feed  intake  and  ADG  of  lambs
(r = −0.05;  P >  0.05).  Therefore,  creep  feed  supplementation  was  not  enough  to  support  a
similar growth  rate  among  lambs  ingesting  different  amounts  of milk.  From  weaning  to
slaughter,  DM  intake  of  lambs  was greater  (P  < 0.05)  for  the  lambs  raised  by  ewes  in  the  low-
energy  group,  resulting  in a worse  feed  efﬁciency  (P < 0.05).  No  remarkable  changes  were
observed  in  carcass  traits.  We  concluded  that  improving  ewe  nutrition  and  consequently
the  early  life  nutrition  of  lambs  can  really  increase  proﬁtability  of lamb  meat  production.
©  2014  Elsevier  B.V.  All  rights  reserved.. Introduction
In intensive systems of sheep meat production, prof-
tability strongly depends upon the nutritional practices
dopted throughout the production cycle (Oddy and Sainz,
002; Treacher and Caja, 2002). Therefore, numerous feed-
ng strategies have been developed for a wide range of
roduction scenarios. Most of the available nutritional
∗ Corresponding author. Tel.: +55 88 3112 7400; fax: +55 88 3112 7455.
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http://dx.doi.org/10.1016/j.smallrumres.2014.03.008
921-4488/© 2014 Elsevier B.V. All rights reserved.practices, however, are currently applied only for growing
and ﬁnishing lambs, with dam ﬂocks being reared under
extensive grazing conditions, in which seasonal deﬁcien-
cies of nutrients may  limit their productivity.
Energy intake is the main nutritional factor determin-
ing milk yield of sheep (Pulina et al., 2005). Because in most
cases energy availability in the pasture may  be not enough
to meet the ewe requirements to reach high levels of milk
production (Leite et al., 2002; Molle et al., 2008), lambs are
usually supplemented with solid food when an improve-
ment in growth rate is desired before weaning (Karim
et al., 2001). However, in the ﬁrst weeks of life growth
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Table 2
Formulation and chemical composition of the experimental diets fed to
lambs.
Pre-weaning Post-weaning
Diet formulation (% in a DM basis)
Corn silage – 39.0
Ground corn 79.8 37.0
Soybean meal 20.2 22.0
Limestone – 0.90
Dicalcium phosphate – 0.11
Salt – 0.60
Chemical composition
Dry matter (% of fresh weight) 85.2 57.0
Organic matter (% of DM)  97.6 94.6
Crude protein (% of DM)  18.0 17.2
Neutral detergent ﬁber (% of DM) 10.5 30.2
Acid detergent ﬁber (% of DM)  5.34 16.52 D.B. Galvani et al. / Small R
performance of lambs depends basically upon milk intake
(Mekoya et al., 2009) and, hence, improving ewe nutrition
may  be a more effective way to enhance lamb development.
Moreover, improving early growth of lambs could be bene-
ﬁcial to improve their post-weaning growth and reduce the
time to reach slaughter weight, besides affecting carcass
composition.
This study was conducted to evaluate the relationships
among ewe milk yield, as affected by dietary energy level,
pre- and post-weaning performance, and carcass traits of
early-weaned lambs.
2. Materials and methods
This study was conducted at the Sheep Division of the Federal Univer-
sity of Santa Maria (UFSM), RS, Brazil, as part of a large project designed to
study the effects of varying ﬁber and energy levels in the diet of lactating
ewes. From this project, data on feed intake and production performance
of ewes were already published in detail by Hübner et al. (2007), and they
will  not be fully discussed in the present paper.
All experimental methods adopted were in accordance with the
guidelines of the Animal Care and Ethical Committee of the UFSM.
2.1. Animals, housing, feedstuffs, and experimental procedures
Eighteen multiparous Texel × Ile de France ewes (55.7 ± 1.3 kg of ini-
tial  body weight; BW)  supporting single male lambs were selected from
the  Institutional herd, which was previously synchronized to obtain a
uniform lambing date, and mated with Ile de France rams. At 24 h after
lambing, ewes were placed in individual pens (2 m2), blocked according to
the  initial BW,  and randomly assigned to one of three treatments, which
consisted of three isonitrogenous diets (2.12% of N) with different levels
of  metabolizable energy (ME): 10.2, 10.9, and 11.5 MJ/kg (on a dry matter
basis), fed for 42 days. The intermediary ME level was  calculated using the
NRC (2007) equations for mature ewes based on the potential milk yield
of  the herd, which was  previously established. Formulation and chemical
composition of the experimental diets fed to ewes are shown in Table 1.
Ewes had ad libitum access to diets twice daily at 8 AM and 4 PM.  Feeders
were disposed at 0.5 m from the ﬂoor to avoid lamb access.
Milk intake by the lambs was assessed by means of a lamb-suckling
method (Doney et al., 1979) carried out over a 24-h period, with 6-
h  separation intervals of lambs from their dams. This procedure was
repeated weekly. Additionally, milk samples were collected from every
ewe once a week to determine fat, protein, and lactose concentration
(AOAC, 1997). Milk energy intake was estimated by multiplying individual
intakes (g/day) of milk protein, fat, and lactose by 23.8, 39.3, and 17.4 kJ,
respectively (Jenness, 1974).
Table 1
Formulation and chemical composition of experimental diets fed to ewes.
ME  level in the ewe
diet (MJ/kg of DM)
10.2 10.9 11.5
Diet formulation (% in a DM basis)
Corn silage 82.6 65.2 47.6
Ground corn – 18.9 38.0
Soybean meal 16.3 14.6 12.9
Limestone 0.30 0.54 0.80
Dicalcium phosphate 0.18 0.10 0.02
Salt 0.60 0.60 0.60
Chemical composition
Dry matter (% of fresh weight) 37.9 49.1 60.3
Organic matter (% of DM) 94.3 94.8 95.3
Crude protein (% of DM)  13.3 13.3 13.2
Neutral detergent ﬁber (% of DM)  52.4 43.5 34.5
Acid detergent ﬁber (% of DM)  28.5 23.4 18.2
Ether extract (% of DM)  2.84 3.12 3.31
Metabolizable energy (MJ/kg of DM)  10.2 10.9 11.5Ether extract (% of DM)  3.63 3.14
Metabolizable energy (MJ/kg of DM)  13.3 11.8
A wooden fence with a 20-cm width and 40-height opening was
placed in the ewes’ pens, creating a cage with 0.8-m2 area, in which
lambs had free access to a concentrate diet (Table 2) fed individually until
weaning, which occurred at 42 days of age. Body weight at weaning was
recorded after an 8-h fasting period. After weaning, lambs were treated for
internal parasites with moxidectin (Cydectin® , Fort Dodge Animal Health,
Overland Park, KS), individually penned, and fed a common diet (Table 2)
twice daily at 8 AM and 4 PM.  The amount of feed offered was adjusted
daily in the morning to ensure at least a 10% refusal. Individual samples
of  feed offered and orts (approximately 10% of total) were taken daily and
frozen (−20 ◦C). These samples were pooled to individual composite sam-
ples, oven-dried at 55 ◦C for 72 h, ground to pass through a 1-mm screen
using a Willey mill, and then stored until analyses.
2.2. Slaughter procedures and carcass evaluation
Animals were slaughtered when they reached approximately 32 kg of
fasted BW,  which was recorded after 14 h of feed deprivation. Lambs were
electrically stunned, and sacriﬁced by exsanguination. Reticulo-rumen,
small intestine, liver, and kidney fat depot were individually weighed.
Carcasses were weighed, suspended through the achilles tendon, and then
chilled at 4 ◦C for 24 h. Commercial dressing percentage was  calculated
as:  [(hot carcass weight/slaughter weight) × 100]. Carcasses were split at
the dorsal midline and cut between the 12th and 13th ribs to measure
subcutaneous fat thickness. The right leg was dissected into muscle, bone,
and  total fat contents.
2.3. Chemical analyses
Feeds and orts were analyzed for dry matter (DM) by drying at 105 ◦C
for 24 h, and ash by combustion at 600 ◦C for 4 h. Total N was assayed
by a Kjeldahl method (Method 984.13; AOAC, 1997). Neutral detergent
ﬁber (NDF) analysis included alpha amylase but not sodium sulﬁte. This
analysis was  performed according to Mertens (2002) except that samples
were weighed into polyester ﬁlter bags (Komarek, 1993) and treated with
neutral detergent in an autoclave at 110 ◦C for 1 h. Acid detergent ﬁber
(ADF) was analyzed according to AOAC (1997; Method 973.18). Neutral
detergent insoluble N (NDIN) and acid detergent insoluble N (ADIN) were
analyzed according to Licitra et al. (1996). Ether extract (EE) was deter-
mined in a reﬂux system (Soxtherm, Gerhardt, Germany) with ethyl ether
at  180 ◦C for 2 h. Diet ME  concentration was estimated according to Weiss
et al. (1992).
2.4. Data calculation and statistical analysesDaily feed intake was calculated as the difference between feed
offered and refused. Post-weaning dry matter intake (DMI, g/day) was
regressed on post-weaning average daily gain (ADG, g/day) and mean
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Table  3
Pre- and post-weaning performance of lambs according to the diet fed to their dams.
ME level in the ewe  diet (MJ/kg of DM)  SEMa P value
10.2 10.9 11.5
Birth weight (kg) 4.76 4.45 4.58 0.058 0.65
Weaning weight (kg) 15.6 b 19.3 a 17.5 ab 0.36 0.01
Slaughter weight (kg) 31.8 31.7 31.9 0.13 0.93
Milk  intake (g/day) 1394 b 1671 a 1578 ab 92.3 0.04
Milk  protein intake (g/day) 63.5 b 81.0 a 76.4 a 1.25 0.01
Milk energy intake (MJ/day) 4.82 b 5.95 a 5.81 a 0.088 0.01
Dry  matter intake (g/day)
Birth – weaning 95.6 a 76.2 b 89.4 ab 3.22 0.04
Weaning – slaughter 932 a 826 b 815 b 11.5 0.01
Average daily gain (g/day)
Birth – weaning 262 b 350 a 305 ab 8.8 0.01
Weaning – slaughter 215 216 205 8.7 0.75
Birth  – slaughter 239 b 281 a 243 b 5.5 0.02
Gain  to feed ratiob 0.23 b 0.26 a 0.25 ab 0.004 0.04
Residual feed intake (g/day) 54.4 b −52.6 a −1.52 ab 17.70 0.04
Age  at slaughter (days) 118 a 97 b 113 a 1.2 0.03
Feeding cost (D /kg BW gain) 0.96 0.88 0.93 – –
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etabolic body weight (MMBW  = mean BW,  kg0.75) to calculate residual
eed intake (RFI, kg/day), as follows:
RFI = DMI  − Yˆ
Yˆ = 2.75 × ADG + 28.23 × MMBW
here Yˆ is the predicted DMI  (g/day). The model intercept was  omitted
ecause it was not different from zero.
Data were analyzed in a complete randomized design using the GLM
rocedure of SAS (SAS Inst. Inc., Cary, NC). The ME level in the diet fed
o ewes was  taken as the ﬁxed effect in the model. Means were obtained
y  using the LSMEANS option of SAS, and differences among treatments
ere explored by using the Tukey–Kramer test for multiple-comparison
nalysis. Analyses of regression were performed with PROC REG, while
earson correlation coefﬁcients were calculated using PROC CORR. Differ-
nces were declared signiﬁcant when P < 0.05.
An estimate of the feeding costs (D /kg of BW gain) was made for each
roup by computing the costs of feeding ewes for 42 days and lambs from
irth  to slaughter. Ewe  diets with low, medium, and high ME  level cost
.11, 0.12, and 0.13 D /kg of DM,  while lamb diets used during pre- and
ost-weaning periods cost 0.18 and 0.16 D /kg of DM,  respectively.
. Results
.1. Summary of ewes performance data
Dry matter (kg/day) and ME  intake (MJ/day) of the ewes
veraged 1.76 and 4.31, 2.09 and 5.44, and 1.77 and 4.86,
or the animals fed the diets with low, medium, and high
evel of ME,  respectively. Hübner et al. (2007) examined
hese data extensively and concluded that for diets with ME
evel below 10.9 MJ/kg the rumen ﬁll was the main limiting
actor of feed intake. On the other hand, the decreased ME
ntake observed for the group fed the high ME  diet seemed
o be related to a subacute ruminal acidosis, since ewes
resented some episodes of diarrhea and a large daily vari-
tion of feed intake. Milk yield was closely correlated to
E intake (r = 0.68; P < 0.01), and it was also greatest for
he ewes fed the medium energy diet. On average, ewes
resented a good lactation performance from lambing to
eaning (milk yield = 1548 ± 42.9 g/day).e Tukey–Kramer test.
3.2. Lambs performance
Birth weight averaged 4.6 kg and it was not different
among treatments (P > 0.05; Table 3), since all ewes were
maintained in a similar condition while pregnant. How-
ever, lambs reared by ewes fed the medium ME  level diet
were heavier at weaning than those reared by the ewes fed
the diet with the lower ME  level (P < 0.05), because they
presented greater ADG from birth to weaning (P < 0.05).
Lambs reared by ewes fed the high ME  level diet did not
differ from the others (P > 0.05). Milk intake was  negatively
correlated with DM intake from birth to weaning (r = −0.75;
P < 0.01).
Lambs reared by ewes fed the low ME  diet presented
the largest DM intake after weaning (P < 0.05), but ADG did
not differ among groups during this phase (P > 0.05). As a
consequence, those lambs had a slightly worse gain to feed
ratio (P < 0.05). Differences in feed efﬁciency among groups
were even more evident by expressing it as RFI, which was
lower for lambs reared by ewes fed the medium ME  diet
(P < 0.05). These lambs presented a 20% greater value of
ADG from birth to slaughter (P < 0.05) and, consequently,
they achieved the slaughter weight 18 days earlier, on aver-
age.
3.3. Carcass and non-carcass characteristics
Carcass characteristics were not affected by the treat-
ments (Table 4), likely because animals were slaughter at
the same body weight. Hot carcass weight and dressing per-
centage averaged 15.0 kg and 47.1%, respectively. Muscle,
fat, and bone proportions in leg were also similar among
groups (P > 0.05).
Proportions of reticulo-rumen, abomasum, small intes-
tine, liver, and kidney fat were not different among
groups (P > 0.05), and averaged (mean ± standard devia-
tion) 2.37 ± 0.18, 0.63 ± 0.11, 3.32 ± 0.43, 1.87 ± 0.20, and
0.42 ± 0.08% of empty BW,  respectively. These data will not
4 D.B. Galvani et al. / Small Ruminan
Table 4
Carcass traits of lambs according to the diet fed to their dams.
ME level in the ewe
diet (MJ/kg of DM)
SEMa P value
10.2 10.9 11.5
Hot carcass weight (kg) 15.2 14.9 14.8 0.13 0.44
Cold carcass weight (kg) 14.7 14.4 14.2 0.14 0.43
Dressing percentage (%) 47.9 47.1 46.3 0.39 0.26
Fat thickness (mm) 1.74 1.71 1.67 0.17 0.78
Dissected tissues in the leg
Total fat (%) 10.3 10.4 10.5 0.40 0.97
Total muscle (%) 69.5 70.9 69.3 0.32 0.17
Total bone (%) 20.2 18.7 20.1 0.29 0.07
Acknowledgments
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a Standard error of the mean.
be further presented and discussed. In fact, the short period
in which lambs were ingesting a solid diet from weaning
to slaughter did not allow important differences in rumen
development among groups.
4. Discussion
At birth, the rumen of ruminant animals is a small, not
fully functional compartment. As a consequence, newborn
ruminants are not able to digest solid food efﬁciently and
their growth depends upon milk ingestion (Church, 1976).
In our study, a 20% increase in milk intake resulted in
a 33% better growth performance of lambs before wean-
ing. Similarly, Tedonkeng Pamo et al. (2006) and Mekoya
et al. (2009) reported that improving the nutrient supply
to lactating ewes directly increases growth rate of their
progeny. On the other hand, when lambs ingested less
milk they were stimulated to ingest larger quantities of
solid food before weaning. In theory, this should increase
growth performance of lambs; however, the greatest solid
feed intake observed for the lambs raised by ewes fed
the low-energy diet was not enough to support a growth
rate comparable with that achieved by the lambs raised
by ewes fed the medium-energy diet, which consumed
more milk. These ﬁndings sound interesting because creep
feeding is a nutritional practice used worldwide and admit-
tedly may  increase growth rate of lambs up to 20% (Cézar
and Sousa, 2003). Moreover, previous studies have sug-
gested that improving lamb nutrition by using creep feed
could be even more efﬁcient than improving ewe  nutrition
(Jordan and Gates, 1961). Differing from the present study,
however, Jordan and Gates (1961) weaned lambs when
they averaged 84 days of age. Hence, our results suggest
that nutritional efﬁciency of creep feeding lambs depends
upon their stage of development. For early-weaned lambs,
improving ewe nutrition seems to be more efﬁcient than
providing an additional source of solid food to the lambs.
Although creep feeding was not evident in improving
growth rate of lambs that ingested less milk, this practice
may  be important to adapt the animals to the post-weaning
diet. In fact, this assumption is partially supported by our
data, since the greatest post-weaning DM intake was  also
observed for the lambs raised by ewes in the low-energy
group. However, these lambs did not achieve ADG values
greater than those of the other groups from weaning tot Research 120 (2014) 1–5
slaughter, i.e.,  the observed compensatory feed intake did
not result in compensatory growth, because early nutrition
really impaired post-weaning feed efﬁciency. Compen-
satory growth has been extensively described for sheep
fed ad libitum after a period of moderate feed restriction
(Kamalzadeh et al., 1998; Abouheif et al., 2013; Sami et al.,
2013), but not when early growth of lambs is impaired
(Oddy and Sainz, 2002). Physiological mechanisms under-
lying this effect are not fully understood. In agreement with
our results, Bhatt et al. (2009) also reported that a better
pre-weaning ADG of lambs results in greater post-weaning
efﬁciency.
In our study, feed efﬁciency was  expressed as both gain
to feed ratio and RFI. Because RFI is independent of body
size and growth rate, it has been used for studying the
physiological basis of feed efﬁciency (Herd and Arthur,
2009) and for genetic selection of different animal species
(Hoque and Suzuki, 2009). Interestingly, our results sug-
gest that because early nutrition impairs post-weaning
feed efﬁciency, genetic selection for post-weaning RFI of
non-contemporaneous animals could be partially biased.
Further studies are warranted to elucidate these relation-
ships.
Despite these aspects, the remarkable fact is that,
although the ADG found from weaning to slaughter for
every lamb was  within a range considered moderate to
high, when nutrition was improved in early life of lambs
they achieved the slaughter weight faster, and it can
really increase proﬁtability of ﬁnishing systems. Analy-
sis of feeding costs showed that a 20% increase in milk
intake resulted in an 8.5% reduction in costs per kg of
body weight gain. Nevertheless, a better plane of nutri-
tion during early development of lambs did not cause any
noticeable improvement in carcass characteristics.
5. Conclusions
Milk intake is the main factor affecting growth perfor-
mance of early-weaned lambs. Therefore, improving ewe
nutrition during the lactation period is an efﬁcient way to
increase growth performance of lambs in their initial stage
of development. Moreover, increasing lamb performance
from birth to weaning results in a great post-weaning feed
efﬁciency and reduces feeding costs when considering the
entire production cycle of sheep meat.
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